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PREFACE. 



Thb object of the writer in the foUawing pages has been to 
fona a useful Work of Eeference for the use of Underground 
Managers and Overmen employed in Scottish Mines, or 
Mistes which do not require more than ten thousand cubic / ^ 
feet of air per minute ; — so that although the principles, as 
&r as enunciated, are applicable to ventilation generally, the 
details of fittings, fomaces, and such Uke, refor especially to 
Mines as above stated. 

It was found necessary to do this for the sake of simplicity 
.aad clearness^ it being evident that the details of erections p^ 

and arrangements suitable for a circulation of two hundred 
-thousand cubic feet of air per minute, which is sometimes 
necessaiy in Mines in the north of England, would be out 
of place here, and the idea of introducing them was abandoned. 

Some useful rules for ascertaining areas, measurement of 
air; &c., are introduced which will be useful to many. The 
action of the furnace is explained as far as is necessary for 
the present work. The practical fgxjt, that it is capable of creat- 
ing a certain current of air imder proper conditions, is stated 
without demonstration, and so in regard to the other known 
facts of ventilation, the object of the writer being to show 
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that, with proper use of information already known to us, 
there is no mystery or difl&culty in providing adequate 
ventilation. 

Enlargement of airnaourses and splitting of the air-currents 
have been recommended as the most suitable mode of increasing 
the amount of ventilation, as well as the most economical 
means of distribution. Hitherto splitting of air has not been 
much resorted to in Scotland, although in other mining dis- 
tricts it has been found to be the chief improvement in ob- 
taining increased quantity. 

The details of furnace arrangements, and of shafts, are from 
drawings of works executed in the course of professional 
practice. The underground arrangements are mostly in 
common use, and all are workable. Quotations and extracts 
have been freely made from other works, where they were 
thought necessary to Dlustrate the subject, or exhibit the 
peculiarity of any district, in so far as they were found sug- 
gestive of improvement in present practice. The subject is 
not by any means exhausted, and if what is written should 
be the means of assisting those for whom it is intended, 
and of inducing them to investigate the subject more closely, 
the object of the writer will be attained. 

OiAsoow, Jufyy 1869. 



CONTENTS- 



PSEFATOBT ReMABSS, -------ill 

Ara~Quantity required for Scotch Mines, - - - - 9 

Weight and Bate of Expansion, ----- 19 

Quantity in circulation should be regvlated by the requirements 
of the Mine, -- - - - - - -85 

Quantity in circulation in the Hetton, Wallsend, Aidsley Main and 
Speedwell Collieries, ------ 67 

Mode of Measurement, ------ 18 

Ara-CuBBKHT— Artificial means of accelerating Air-Current, - - 16 

Velocityof Current in Upcast Shaft, - - - - 21 

Do. do. Air-Course and Worjdngs, - - - 26 

Usual requisite Velocity in Scotch Mines, - - - - 22 

Splitting Air-Current, -.-..- 26 

Ifr Atkinson, on da, -------28 

Tables showing results of do., ----- 80 

Conditions necessaiy to insure the greatest Air-Current, - 12, 83 

Am-CouBSEs— Mode of finding the Area of an Air-Course, - - 12 

Do. Quantity of Air passing through do., 18 

Causes which impair the efficiency of an Air-Course, - - 25 

Minimum Area of an Air-Course, ----- 26 

Friction— in Air-Courses, ------ 27 

Necessary Area of do., - - - - . - - 69 

Ahkmomkteb— (Mr Dickenson's), ------ 14 

Babomstsr— Its Application and Yalne in Mines, - - - 15 

Bbatticx, -^- - - - - - - -54 

Chokx Damp— Its Chemical Elements, - . - . . 9 

DooBs— Sliding Doors or Regulators, ----- 26 

Trap Doors, 88,87,69 

Swing Doors, .-. -...54 

DoxbDbift, ...--..-85 

FiBB Damp— Its Chemical Elements (with Table,) - . - 9 

Immediate effect of an Explosion, - - - . . u 

Explosive Mixture, - - - - - - -11 



VI CONTENTS. 

Pag* 
FuBNACB— Its Comtruction, - - - - - - 16, 69 

ItsPoweXf --19 

Stnrre^s Illustration of do., ------ 19 

Furnace Paradox, - - ^ - - - - 22 

LoNOWALL Workings— Arrangement without Splitting Air, - . 86 

Improved Modes, -- -----sg 

Arrangement with Splitting Air, ----- 41 

Do. do. with side Boads, - - - 45 

Subsidence of Strata, •► - - - - -33, 67 

MmwAUr— Best Construction, ------ 23 

Overcasts or Tukbtkls— Their use, - - - - . 34 

Shafts— Downcast and Upcast, --..-. 22 
Single or Divided, -------22 

Proportions of Upcast and Downcast, - - - - 68, 69 

Btoop and Boom Working— Arrangement without Splitting Air, - 46 

Do. with do., - . 47 

BroFPiNos — ^Best Construction, - - - - - - B3, 69 

BuBsmBNCB— Of Longwall Working, - - - - - 33, 87 

Skrbens— Their use and objections, - - - - - 83,87 

Thermometer — Its use, ------- ig 

Ventilation— Indispensable conditions of good Ventilation, - - 16 

Mode of Ventilating simultaneously several Seams off the same 
Shaft, - - - -- - - -48 

Gibbon's Mode of Ventilating Staffordshire Thick Colli, - - 60 

System of Ventilation pursued in Stafibrdshire, - - - 53 

Do. do. North of England, - - 54 

Do. do. Yorkshire, - - - 57 

Do. do. Bamsley Woridngs, - - 68 

Do. do Derbyshire, - - - 63 

Do. do. Lundhill Working, - -64 

Hopton's improved Mode of Ventilating do., - . . ^ 

Water-gauge— Its Nature and Use, . - - . . ig4 

Concluding Bemarks, - - - - - - -68,69 



LIST OF ILLUSTRATIONS. 



Water GauoB) --------15 

YeMTILATINO FURNACB, -------17 

Diagrams of Fctrmacs Ventilation, ----- 21 

Pits, 23 

Pits with Furnace, --------24 

Otercast, -----.-.-34 

LoNowALL Working, -----..36 

Ditto, - - - - - - -88 

Ditto, -------40 

Ditto, (Sputhno Air) ----- 41 

Ditto, Drno, ----- 43 

Ditto, -------45 

Stoop and Room Working, ------ 46 

Ditto, Dtito, (Sputtino Air) - - - 47 

Section of Shaft, -----..^48 

Staffordshirb Working, -.....-51 

Section of Ditto, --------53 

NswoASTLB Mode OF Splitting Air, - - - . - 55 

ToRKSHiRB Stoop AND Room Working, ----- 57 

Ditto, Ditto, atBarnslby, ^- - - 69 

Ditto, Ditto, near Leeds, - - - 61 

DeSBTBHIRB LONGWALL, -- ^ - - - -63 

LuNDHILL COLUEBT, -..--..35 

Ditto, ------.33 



VENTILATION OF MINES. 



It has often occurred to the writer, that a simple practical 
Essay on the Ventilation of Mines, for the use of underground 
managers and overmen, was much needed There are already 
works, more or less practical, which treat on the subject ; but 
none of those, so far as the writer has seen, are so plain as 
to be of use to many of the parties who most of all require 
information on the subject. 

The Treatise is not designed to be theoretical Only so 
much of the theory of ventilation will be given, as shall enable 
the reader to understand the present modes of ventilating 
mines, especially in Scotland. 

The Scottish coal measures produce both choke-damp and 
fire-damp, but not in such great quantity, as compared with 
the mines in the north of England. If we except Nitshill 
colliery, the coal of which seems to be much impregnated 
with gas, 10,000 cubic feet of air per minute is sufficient to 
ventilate the workings of any mine in Scotland. 

Choke-damp, properly called carbonic acid gas, when pure, 
is composed of two parts of oxygen gas, and one of carbon, 
and, when inhaled, instantly destroys life, Atmospheric air, 
containing one twentieth part of this gas, will not support 
combustion. It is one-half heavier than atmospheric air, and 
three times as heavy as fire-damp, or carbureted hydrogen gas. ^ . 

Fire-damp, or carbureted hydrogen gas, is about one-half "« 

the weight of atmospheric air. It is composed, according to / , 
Dr Clanny, of one part of carbon, and two parts of hydrogen 
gas, and will not explode unless mixed with four times its 
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bulk of atmospheric air ; and the result of the combustion is 
as follows : — 
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A little attention to this Table will enable the reader to 
understand the various phenomena which occur at an explosion. 
It will be seen there are 1 6 equal portions of gas present — 
namely, 4 of oxygen, 8 of nitrogen, 1 of carbon, and 2 of 
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hydrogen. When combustion tikes place, two portioij^ss^r^a of 
oxygen from the atmosphere unite with the carbon of the x 
damp, and form one portion of carbonic acid gas ; the remainin^^ 
two portions of oxygen unite with the two portions of hydro- 
gen, and form two portions of steam ; the nitrogen remains 
in the same state, so that the whole is incapable of supporting 
respiration. 

When an explosion takes place, there is first the blast, 
caused by the expansion of the heated gases, which continues 
until the fire-damp is all consumed, or until there is no more 
atmospheric air present to support combustion. Air then 
rushes in to fill up the void, and if there be fire-damp remain- 
ing, a fresh explosion ensues ; and the same results follow 
until the fire-damp is all consumed, or can no longer get a 
supply of atmospheric air, and the whole place is filled with 
choke-damp. 

Sir Humphrey Davy says, "In mixtures of thirteen, twelve, 
and eleven, of air, to one of coal-gas, the flame of the taper did 
not disappear ; it became paler, however, and blended with 
the flame of the explosion, filling the cylinder of the Davy 
lamp. When the quantity of inflammable air diminished, the 
flame became limited to the wick, and was gradually extin- 
guished. When the coal-gas was from one to four or five, the 
flame of the wick never appeared in any part of the experi- 
ment. Of the six specimens collected from the blowers at 
Hebbum colliery, the purest contained one-fifteenth of atmo- 
spheric air — ^the weight of the purest specimen, for one hun- 
dred cubic inches, was 19.5 grains — one measure of it required, 
for its combustion by the electric spark, two measures of oxy- 
gen, and they formed nearly one of carbonic acid. It con- 
sisted of 4t proportions of hydrogen ; weight, 4 

1 ditto of charcoal ; weight, 11.5 
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"^^^^j^TOie part of fire-damp was mixed with under four parts 
it burned, but did not explode. The mixture of one of 
with four to eight, grew gradually more explosive, and 
attended with noise. One of gas, with ten, eleven, twelve, 
thirteen, and fourteen, of air, the candle burned with enlarged 
flame, but without exploding; but a gradually diminished 
rate was produced, as far as thirty of air to one of gas. The 
most'explosive mixture seemed to be, one to seven or eight of air." 

A man respires, on an average, 200 gallons of air per hour, 
from which he absorbs the oxygen, and substitutes, in the 
same space of time, 6^ gallons of carbonic acid gas — ^his iMnp 
operating nearly with the same intensity as his respiration, 
produces as much carbonic acid, and augments, besides, the 
proportion of unconnected azote. 

The quantity of atmospheric air which may be made to cir- 
culate through the workings of any mine, for the purpose of 
diluting these gases, and for the respiration of the workmen, 
and the efficiency of its distribution, depends upon the steadi- 
ness and velocity of the current, upon the size and proportions 
of the downcast and upcast shafts, and upon the size, pro- 
portions, and the arrangement of the air-courses, or lateral 
passages through which the air traverses the mines. 

As these remarks are likely to faU into the hands of parties 
who are not versant in calculations, or with the scientific in- 
struments sometimes used, a few of the rules in common use 
in determining the amount of ventilation, are here introduced 
with examples of the mode of their application. 

The area of an air-course is the height multiplied by the 
^ith — ^thus the area of an air-course four feet high and three 
wide, is twelve feet. 

The area of a circular pit, or a circular air-course, is found 
by multiplying the diameter of it by itself, and again by .7854, 
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strikmg oflf the four last figures of the result — ^thus the area of 
a pit 7 feet diameter is — 

7 
7 

49 
.7854 



196 
245 
392 
343 



38.4846 
or, 38 feet and 4j-10ths of a foot. 

The cubic contents of an air-course are the length multiplied 
by the area^ that is, the length, width, and height ; thus, the 
cubic contents of a place twenty feet long by four feet wide, 
and four feet high, are — 

20 long 
4 wide 

80 
4 high 

320 cubic feet area. 
The number of cubic feet of air circulating through a passage, 
is the quantity which passes through a space of a certain 
measured area of that passage in a given time ; thus, the 
quantity of air traversing through a passage sixty feet long, 
four feet wide, and five feet high, at a velocity of sixty feet 
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in a minute, is as follows : — ^The cubic contents of this place 
are, as above, 1200 feet, and, as it takes just one minute to 
travel through the measured space, the quantity of air passing 
is just 1200 feet a minute. 

The quantity is roughly measured as follows : — ^A portion 
of the air-way, of a uniform height and width, is selected and 
measured ; a man, carrying a lighted lamp in his hand, starts 
from one end, walking at such a pace that the flame of the 
lamp he is carrying remains perfectly vertical, until he reaches 
the other end of the measured distance ; the time in travel- 
ling between the two points is the velocity of the air, and as 
the seconds of time noted is to 60, so is the quantity to the 
quantity passing per minute. Example: In a passage five 
feet high and six feet wide, the velocity is sixty feet in fifty 
seconds. Eequired the number of cubic feet passing in a 
minute — 

5 height 

6 width 

30 

60 length 

1800 



As. 60 : 60 : : 1800 
60 



60)10800(2160 cubic feet per minute. 
The quantity passing is 2160 cubic feet per minute. 

When the velocity of the current is greater than a man can 
travel with convenience, a small quantity of gunpowder is 
flashed, and the time which the smoke takes to traverse the 
space is noted, and the same calculation gone througL 

For more accurate observations, there are instruments called 
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anemometers, which register the velocity. Of those, the 
simplest in construction, and, perhaps, the best for all prac- 
tical purposes, is that invented by Mr Dickenson, Inspector 
of mines. Th(9 Water^uge is an instrument used to detect 

Fig. L — ^Wateb-oaugb. 




the power of the upcast. It is an inverted syphon — a bent 
glass tube, about six inches long, and haK-inch diameter, 
filled with water. One end commimicates with the upcast, 
and the other is open to the downcast side. The water will 
stand, at a higher level in the end communicating with the 
upcast, than in the end communicating with the downcast. 
The difference is the power of the upcast, which varies from 
nothing to two inches. It is rarely more than haK-an-inch 
in Scotch mines. A high water-gauge does not always indi- 
cate good ventilation* As will be seen hereafter, that depends 
upon a proper combination of all the conditions already 



The action of the common barometer is of use in ventila- 
tion. In stormy weather, when the barometer is low, the 
pressure of the atmosphere is small, and the discharge of gas 
from the mines is more copious than with a high range of 
mercury, and, in some mines, a barometer is kept beside the 
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ventilating furnace, which, instead of being marked stormy, 
fair, &c., is marked fire heavy, fire moderate, &c. The thermo- 
meter is also used for indicating the temperature of the shafts 
and workings. 

With these remarks, the reader will be prepared to under- 
stand the first requisite for Ventilation, viz., the steadiness 
and velocity of the Air-current. 

In order to obtain a current of air of sufficient steadiness 
and velocity, there must be some artificial mode of accelera- 
ting its passage down the downcast pit, and along the various 
passages underground, until it reach the upcast, and so the 
surface of the earth. 

The natural heat of the earth, whicji increases one d^ree 
for every hundred feet, the heat from the workmen and their 
lights, combine to rarify the air, and are generally sufficient 
to cause one of the pits to take the draught, and become the 
upcast, particularly that one which stands on the highest 
level on the surface, or if a stalk is built upon it ; and the 
current, when once set in that direction, continues, unless 
disturbed by winds or some other cause. It is seldom suffi- 
ciently strong or steady enough to be depended upon. More- 
over, in warm weather, the temperature of the air is less 
underground than it is on the surface, in which case, the 
current becomes weak, and sometimes ceases altogether. 
Under the most favourable circumstances, it is seldom suffi- 
cient, and, in aU ordinary cases, artificial means must be used. 

Various artificial modes and arrangements have been em- 
ployed for the purpose of accelerating the current, such as 
air-pumps ; fans for extracting the air ; a jet of steam similar 
to that which issues from the discharge pipe and causes the 
draught of the locomotive engine chimney; waterfalls to force 
a current down the downcast; but, for simplicity and efficiency, 
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none of these have, as jet, supplanted the ventilating furnace 
placed in connection with the upcast shaft. It is the onl j 
artificial mode of eveating a current to be noticed here. 

^EXfTUJLTBIQ FURH ACS. 
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Scale, 13 feet to an inch • 
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Ventilating Furnaces are made of various shapes, and placed 
in different positions, sometimes at the bottom of the upcast 
shaft, sometimes midway, and sometimes on the surface, at the 
bottom of a stalk communicating with the upcast. They 
should be placed at the lowest point of the upcast shaft, within 
thirty feet of it, or at such a distance that no flame can come 
near the pit, and completely insulated by brick work from the 
surroimding strata. The flue from the back of the fire should 
slope upwards, towards the upcast shaft. If the roof is of 
sandstone, the brick arch need not be carried more than three 
feet past the fire, but if of shale, or if there is any thin seam 
of coal near, the whole distance should be arched. It is not 
necessary to pass the whole of the return air over the furnace, 
a part may be allowed to scale past the sides to keep them 
cooL A very great point is to have plenty of brick work 
about them, which retains the heat and keeps a steady current. 
In most of English collieries the furnace is fed with fresh air, 
and the smoke is discharged into the upcast by a separate 
drift, called a dumb drift, so that the return air does not come 
in contact with the flame of the furnace at aU. 

A furnace for an area of ten acres should have four feet 
square of fire-grate. For any larger area it should be five feet 
square. 

The designs. Figs. 2, 8, 4, 15, were prepared for works in 
the neighbourhood, and the furnaces erected according to 
them gave great satisfaction. 

Some attach less importance to the erection of a ventilating 
furnace than it deserves, and from mistaken economy, or 
want of thought, or ignorance, it is often put up without any 
fixed plan, and without regard to durability or shape, whereas 
it is really a most important part of the arrangement of a mine- 
fitting, and should be carefully considered and arranged. 
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The power of the furnace is the quantity of heat imparted 
to the air, which it causes to ascend through the upcast shaft 
with a speed proportioned to the diEference of temperature 
between the upcast and downcast shafts. 

Air at a temperature of 60 degrees Fahrenheit, weighs 
•0767 lbs. per cubic foot, and it expands l-459th for every 
degree of heat imparted to it, or, what is the same thing, the 
air in the upcast pit is so much lighter than an equal height 
of that in the downcast, in proportion to the difference of 
temperature which the furnace has caused in the two vents- 
Thus, supposing the two pits to be each 459 feet deep, and the 
temperature of the upcast raised 40 degrees beyond that of the 
downcast, 419 feet of the downcast air will be as heavy as the 
whole 459 feet of the upcast, and the power of the furnace, in 
this instance, is equal to a body of air falling through a space 
of forty feet. Of course, the deeper the pit the greater will be 
the efficiency of the furnace when it is placed at the bottom 
of it. 

Figs. 6, 6, 7, 8, 9, 10, 11, and 12, are diagrams, showing the 
power of the furnace, and its relative economy in pits of dif- 
ferent depths, as given by Mr Struve, in his evidence before a 
Committee of the House of Lords, in 1 849. In these calcula- 
tions, the increase in bulk, imparted by heat, is l-480th for 
every degree above 32^, which was the proportion adopted 
until more recent investigations showed the increase to be 
l-459th. 

"Diagrams illustrative of the inconvenience, and, in some 
instances, impracticability, of producing efficient ventilation 
in mines of shallow depth, owing to the high temperature 
required in the upcast shafts. 

" The annexed diagrams of the comparative expansions of the 
columns of air in upcast phjifts, are constructed on the prin- 
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ciple, that a column of a hiuidred parts of air, at the tempera- 
ture of 82* Fah., when heated to 212°, will expand into 187.6 
parts, which gives l-480th for every degree of temperatura 

"If, therefore, C be equal to a column of air at any tempera- 
ture above 32^ T number of degrees above that point. 

"C column of air at any other temperature above 32^ and 
T its temperature above 32^ then C'=:C (~^. 

''A series of eight pits are assumed, from 25 to 200 fathoms 
deep, with a uniform average temperature of 60** in the down- 
cast pits, and 110* in the upcast pits. It will be observed 
that the expansion A B of the columns due the difference of 
those temperatures, decreases as the depths, and that in order 
to keep up a uniform amount of expansion, C D, the difference 
in these temperatures must be increased in the inverse ratio, 
as the depths of the pits diminish. 

"The above formula may be applied to any of the examples, 
which wiU be found to give the results in the diagrams. The 
velocity, in feet, per second, may be ascertained by multiply- 
ing the expanded columns, A B, or C D, by 64 J, and extract- 
ing the square root of the product. 

"The pressure per square foot may be ascertained by dividing 
the expansion in inches by 820, which will be equivalent to 
a column of water in inches, with a square foot base ; but the 
velocity and pressure so obtained, will be found to be more 
than the practical result, owing to the contraction of, and 
friction in, the air passages of the mines, in the former case, 
and the superior density of the upcast column over that of the 
atmosphere, arising from smoke and carbonic acid, in the lat- 
ter case ', and the motive column of the ventilation will also 
be found to be constantly varying with the thermometrical 
changes of the atmosphere." 

Practically, the furnace is capable of causing a current to 
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pass up the upcast shaft, with a velocity of 1000 feet per 
minute and in some of the English collieries, a velocity of 

Figs. 
6, 6, 7, 8, 9, 10, 11, 12. 
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2000 feet per minute has been reached, when the airange- 
ments were well proportioned. A current, with a velocity 
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of 600 feet per minute, will give sufl&cient ventilation for 
most mines in Scotland. 

The downcast and upcast pits, with their connecting 
air-courses underground, may be compared to a syphon 
for drawing water. The upcast represents the long end 
of the syphon, the downcast the short end, and the under- 
ground air-courses the connecting pipe. The quantity of 
water which a syphon will discharge is in proportion to the 
diameter and length of the long end ; but it is also proportional 
to the area of the short end, and of the horizontal connecting 
pipe. If the diameter, or area of these is smaller than the 
long end, it is not suflSciently supplied with water, and if very 
much smaller, the long end will cease to discharge water alto- 
gether. In like manner, if the downcast shaft, and under- 
ground air-courses are not sufficiently large, as freely to supply 
air to the upcast, the quantity discharged is impaired, and if 
very much contracted, the phenomenon of the furnace paradox- 
may occur. 

The furnace paradox, as it is called, occurs when the air- 
courses leading to the upcast are so contracted, that the furnace 
does not get a sufficient supply of air, iu which case, air 
from the surface finds its way down one side of the pit, and 
swirls round again to the surface. This can only occur when 
the upcast is very large in proportion to the furnace, and the 
pit shallop. 

The downcast and upcast divisions may either be separate 
pits, or a single pit divided into compartments. Single pits 
are undoubtedly preferable, as the ventilation is not deranged 
by an explosion, but they are more costly, and when two single 
pits are sunk within a few yards of each other, and both are 
used for drawing coals from the same level, doors cannot be 
dispensed with ; and unless they are used for drawing coals 
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from diflferent seams, or one of them is set aside for ventilation 
solely, they are not so convenient as a single pit with an air- 
course, or division in it for ventUation alone. In the most 
improved form of divided pit, the middle wall, or partition, is 
bunt with brick, so that the upcast division can be heated 
without danger, and the current of air is led into a stalk at 
the surface. 

Figs. 13, 14, and 15 are drawings of divided pits. 



Fig. 13. 




Fig. 14. 
Scale, 10 feet to an inch. 
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When the workings of two pits have eommunicated with 
each other, one of them may be made the downcait^ and tha 
other the upcast, or the upcast of the rise pit may be sufficient 
for both. 



Fig. 15. 




Scale, 10 feet to an incb. 
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The area of the upcast should not be less than 20 feet, 
which will pass 10,000 cubic feet of air per minute, when the 
velocity is 500 feet per minute. In stating this size of up- 
cast, it should be remarked that, in practice, where the furnace 
is the ventilating power, it is found to be most efifective when 
the current is rapid — ^there is less cooling surface in the sides 
of the pit, and the rapidity of the current causes the heat to 
ascend farther, and make a more uniform temperature 
throughout. Where it is not necessary to circulate so much 
as 10,000 cubic feet of air per minute, a less area than 20 
feet would be sufficient; but this is not advisable where 
the working to be ventilated is likely to be more than 20 
acres. 

The area of the downcast shaft is of less importance, so that 
it be larger than the upcast, and of sufficient capacity easily 
to supply it with air. 

While the quantity of air in circulation depends upon the 
upcast and downcast pits, it also depends upon the air-courses, 
or lateral channels which connect them ; and as these are of 
greater extent, and are constantly changing, or are abandoned 
as the workings advance, the ventilation is more liable to 
be influenced by them. Moreover, if, from neglect, or want 
of thought, they are allowed to become contracted, or to be 
choked with falls, they will, of course, diminish the quantity 
of air in circulation. 

The size of any air-course, or roadway, depends upon the 
height of the seam, and the materials of which the roof and 
pavement are composed. In longwall workings, the air- 
course along the face of the solid coal, especially in thin seams, 
or a bad roof, is apt to be left of too small an area, and, how- 
ever large the area at other parts may be, the current will be 
regulated in the small passage, in the same way as the throt- 
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tle-valve of a steam engine controls the supply of steam to the 
cylinder, and regulates the speed of the engine. 

The area of any air-course should not be less than sixteen 
square feet — 4 feet high, and 4 feet wide; or 3 X H> ot 
8 X 2, as found convenient ; and even if the whole air in cir- 
culation is conjSned to one passage of any considerable length 
of this area, it is not likely there will be more than 3200 
cubic feet of air per minute in circulation ; indeed, a velocity 
of 200 feet per minute is as much as can be conveniently sent 
through the roads, or along the face of a longwall working, 
without inconvenience to the workmen. 

If, therefore, it is wished fully to occupy the capacity of 
the upcast shaft, it can only be done by adding additional 
passages, until the air is travelling at the reduced rate of 200 
feet per minute in the workings, while it ascends the upcast 
shaft with a velocity of 500 feet a minute. 

Instead of carrying all these passages (if there are more 
than one) parallel to, or alongside of each other, from the 
downcast shaft, and around the workings to the upcast shaft, 
the most improved method is to split the air-current, and send 
a portion into each division requiring ventilation, whereby 
each district is supplied with fresh air, and the length of the 
current is shortened, and friction thereby reduced. The 
quantity for each division is regulated by a sliding door, called 
a regulator, placed in some convenient position in the work- 
ings, and adjusted to pass the desired quantity. Of course, 
without those regulators, too much air would escape by the 
shortest route to the upcast, and leave the others without a 
sufl&cient supply. 

The grand secret of good ventilation is to make and main- 
tain large and roomy air-courses undergroimd, and, by re- 
peated and judicious splittings, to shorten the currents and 
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reduce the friction of the passages. These are points very 
often neglected, and their neglect, more than aught else, is the 
cause of bad ventilation. 

The difference between a large and a small air-course, or in 
the power required to propel a given quantity of air through 
each, is much greater than might be supposed. Mr Atkin- 
son, in his paper read before the North of England Institute 
of. Mining Engineers, published in the 3d volume of their 
Transactions, says, page 75 : — "When air is impelled through 
a confined passage, the pressure per unit of surface or head of 
air-column required for its propulsion has been found by 
P6clat, Daubuisson, Gerard, and others, to be proportional to 
the square of the velocity, or (what is the same, when the 
nature and other dimensions of the air-way remain imaltered,) 
to the square of the quantity of air passing in a given time, 
divided by the square of the area of the air-way." That is, 
supposing an air-course three feet square, or nine feet area, to 
pass 2700 cubic feet per minute, the pressure or head of 
air-column would be four times as great to propel 5400 feet 
through the same passage, in the same time, or one fourth of 
the pressure if only 1350 cubic feet of air were passing. 

Supposing the power to remain constant, the following 
Table gives the increase, and illustrates the value of size : — 



Area of 

Air-coarse, 

In Feet 


Quantity of 

Air 
Delivered. 


1 


100 


2 


200 


4 


400 


8 


800 


16 


1600 


32 


3200 
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In addition to the friction or resistance due to narrow or 
small air-courses, there is the friction on the long air-courses, 
which is lessened by splitting the air, and so shortening the 
length of the route. Mr Atkinson, in page 125, gives the 
following as the result of his calculations on the subject 
of splitting air. He says: — "Suppose a mine, having one 
downcast and one upcast shaft, and an extent of workings free . 
from the interference of natural ventilation in any part of 
them, composed entirely of galleries having the same area and 
perinieter of section in all their extent, and that such work- 
ings present a rubbing surface to the air, which, in all parts, 
has precisely the same co-eflScient of resistance; suppose, 
farther, that all the workings, excepting a short distance very 
near the bottom of the shafts, may be successively divided 
into any number of different groups for ventilation by distinct 
currents of air, and so that each group, whatever may be their 
number, shall possess exactly the same development of gal- 
leries, and the same number of angles and turnings, and be 
each similarly situated with respect to the points where the 
air divides itself, and again re-unites before ascending the 
upcast shaft. Let it be presumed that the ventilation is 
caused by a pressure equal to that arising from a column of 
air 200 feet high, the area of the upcast shaft being taken at 
100 superficial feet, the entire length of the air-passages 50 
miles, the perimeter of the section of these air-ways 30 feet, 
and their area 40, then before splitting, the quantity of air in 
circulation would be 7288 cubic feet per minute ; but, if the 
air be divided by splitting into ten equal currents, each tia- 
\ersing only one-tenth of the divisible part of the workings, 
we should then have 103,280 xjubic feet per minute, instead 
of 7288 cubic feet per minute, each of the splits being 10,328 
cubic feet, so that upwards of fourteen times the quantity 
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would be introduced into the mine by the S3.me amount of 
ventilating pressure per unit of surface, by being divided into 
ten equal splits, as compared with its not being divided or 
split, each of the splits embracing more air than the entire 
quantity before splitting was resorted to. 

" It must, however, be noticed, that to maintain the same 
ventilating pressure for different quantities of air, requires 
that the power, whether obtained by furnace action or by 
machinery driven by engine power, should increase in the 
same proportion as the quantity of air in circulation is in- 
creased, and the consumption of fuel will in either case follow 
the same proportion. To have obtained an equal increase, 
without resorting to splitting the air, would have required 
the power and consumption of fuel to have increased in the 
ratio of the cube of the quantity of air. 

" In the case we have taken, the resistances arising in the 
shafts and undivided parts of the air-ways near them, amount 
to one-third of the entire pressure employed when the air is 
divided into ten equal parts, and this is no unusual propor- 
tion to be met with in practice ; had it been of less amount, 
the benefits of splitting the air would have been greater. 

" If, however, in the same mine, which has been taken in the 
following example, we were to presume that, instead of the 
pressure employed per unit of surface being constajit, the 
horses' power exerted to produce ventilation remained con- 
stant, as would be the case where fans, Harty pumps, and 
other machines are employed in the production of ventilation; 
then the effects of dividing such mine into different numbers 
of equal groups, for separate ventilation, would be somew 
different as regards the resulting quantities of air. 
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Table 1. — SKovnng the result of dividing such a mine, as that 
supposed for exampUy into different numhefrs of similar and 
equal parts, to be ventilated by different currents, vmder a cortr- 
slant ventilating pressure. 



A. 


B. 


c. 


D. 


E. 


p. 


No. of equal 


Total qnuUty of 


Inoretae In the 


QuantUyof 


Increaieln 


Decreaaeln 


oamnt*, 


airdioaUangiwr 


grofls qnantity 


air la each 


the quan- 
tity of air In 


the quan- 
tity of air in 


or •plita of 


minute, In oablo 


due to each >pUt 


apllt, or cur- 


•ir. 


Cwt. 


added. 


rent. 


eacbipUt. 


eadi apllt 


1 


7,288 


7,288 






2 


20,328 


13,040 


10,164 


2876 




3 


36,038 


16,710 


12,013 


1849 




4 


52,129 


16,091 


13,032 


1019 




6 


66,667 


14,638 


13,333 


301 




6 


78,568 


11,901 


13,095 




238 


7 


87,706 


9,138 


12,529 




666 


8 


94,652 


6,946 


11,831 




698 


9 


99,652 


6,000 


11,072 




769 


10 


103,280 


3,628 


10,328 




744 


11 


105,940 


2,660 


9,631 




697 


12 


107,927 


1,987 


8,994 




637 


13 


109,402 


1,476 


8,416 




678 


14 


110,533 


1,131 


7,895 




621 


15 


111,421 


888 


7,428 




467 


16 


112,102 


681 


7,006 




422 


17 


112,641 


639 


6,626 




380 


18 


113,062 


421 


6,281 




345 


19 


113,422 


360 


5,970 




311 


20 


113,704 


282 


6,686 




285 


29 


114,883 




3,962 






30 


114,939 


56 


3,831 




131 


39 


115,227 




2,955 






40 


116,245 


18 


2,881 




74 


49 


115,347 




2,354 






60 


115,355 




2,307 




47 


99 


115,455 




1,166 






100 


115,456 


1 


1,155 




n 


Infinity, 


116,003. 


When the ail 


doei not travetBe the workings. 
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Table II. — Shows the remits of dividing the same mine into 
different nwmhefrs of equal parts, for sq>arate ventilation, 
when the power employed is constant. 



K& of eqaal 

cnRenta, 

orspUtsof 

air. 

A. 


Total qnantlty of 

olTdiculatlnKPO' 

minute. In cuUe 

ftot 

a 


InoreaMOfatr 

daetoeachmlit 

added. 

a 


Quantity of air In 

each apUt, 

in coble feet, 

per mlnote. 

D. 


Decreaaein 
the qnantlty 
of air in each 


1 

2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


16,198 

32,094 

47,011 

60,129 

70,844 

79,042 

85,058 

89,492 

92,616 

94,860 

96,473 

97,676 

98,563 

99,241 

99,772 

100,177 

100,498 

100,745 

100,963 

101,132 


16,896 

14,917 

13,118 

10,715 

8,198 

6,016" 

4,434 

3,124 

2,234 

1,623 

1,202 

888 

678 

531 

405 

321 

257 

208 

169 


16,198 

16,047 

15,670 

15,032 

14,169 

13,174 

12,151 

11,187 

10,291 

9,486 

8,770 

8,140 

7,582 

7,089 

6,651 

6,261 

5,912 

6,697 

6,314 

6,067 


151 
377 
638 
863 
996 
1023 
964 
896 
806 
716 
630 
668 
493 
438 
390 
349 
316 
283 
258 


29 
30 


101,828 
101,861 


33 


3,611 
3,396 


116 


39 
40 


102,037 
102,042 


5 


2,616 
2,651 


65 


49 
60 


102,102 
102,106 


4 


2,084 
2,042 


42 


99 
100 


102,166 
102,167 


1 


1,032 
1,022 


10 


iDfioity, 102,176. When tbe air does not trtTene tlie worUngi. 
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" An examination of these Tables will show how very great 
id the increase in the air circulating which may arise fix)m 
judiciously splitting the air in a mine, whether the ventilating 
pressure be supposed to remain constant as in Table I., or, on 
the other hand, the power employed be supposed to be uni- 
form, and the difference between the one and the other com- 
mencing the comparison at the point where the air is in each 
case supposed to be divided into 6 splits, the quantities being 
then nearly equal to each other. 

" If the resistances due to the shafts and airways near them 
had been of less amount, owing to the shafts being larger and 
airways of less extent, thea the good effects of splitting the 
air would have been enhanced, as this invariable resistance 
would have been of less amount, so that a larger proportion 
of the total resistances would have been reduced by splitting 
the air. 

Splitting the air current is comparatively a modem im- 
provement, and of late years it has been very much resorted 
to. Mr John Buddie, an eminent English viewer, was the 
first who practised it in 1813, but to a very limited extent. 
Previously, the air descending the downcast shaft was 
carried in one imbroken current throughout the workings, 
sometimes many miles in length; and the friction was so 
great that five thousand to six thousand cubic feet per minute 
was all the quantity that could be obtained Even in 1813, 
Mr Buddie was only able to pass eight thousand cubic feet 
per minute ; while, with the same furnace action at the pre- 
sent day, pits of the same capacity discharge fifty thousand, 
and in some instances two hundred thousand cubic feet of "air 
per minute — ^the increase being wholly due to splitting the 
air into many divisions, whereby the distance which it has to 
travel is shortened, and the friction reduced. 
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From what has been stated, the conditions to be fulfilled 
underground in order to insure quantity, are to have the 
current, when it reaches the bottom of the downcast shaft, led 
into one air-course, sufficiently large or distributed through a 
number of air-courses of sufficient capacity, so as to diminish 
the velocity of the current to two hundred feet a minute, 
which is a convenient speed for the workmen, and is not so 
great as to add materially to the resistance caused by friction 
at higher velocities. But, in order to convey the air into the 
workings with the least loss, it is evident that the routes 
should be divided as skilfully as possible, that the stoppings 
should be carefully arranged and made air-tight, that there be 
few doors, that the overcasts be judiciously fixed, and also 
that the drawing roads be used as' much as possible for the 
air-courses. 

In longwall workings, the subsidence of the roof upon the 
buildings, and upon the rubbish and refuse of the working 
thrown into the stowage, make the roadside sufficiently air- 
tight, especially when the waste is carefully stowed with a 
view to this ; and no other stopping or pointing with lime is 
necessary. 

In stoop and room workings, the throughers or holings 
should be driven narrow for two or three yards, and then 
widened out ; the stopping should be built of brickwork, and 
plastered with lime — ^if under 3 feet in height and yfeet wide, 
4 J inch work ; if above this, 9 inch work. In all cases, they 
are better to be stowed behind with rubbish, which supports 
the roof, and, in case of explosion, prevents the brickwork from 
being destroyed. Permanent stoppings should never be put 
up with wood, or clay and stones. 

Trap doors are either made with checks to shut upon, only 
opening one way, which should, if possible, be against the air. 
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or swing doors, which open either way. The former should 
be made of 1^ inch wood, and supported on the back with 
three bars, the bands fastened with bolts, and the bats with a 
nut. The swing doors should be made of 7-8th wood, strength- 
ened with bars on each side where the hutch strikes upon. 

Overcasts or Tunnels, cut out of the roof or pavement, (Figs. 
16, 17, 18,) for leading air over or under a main road, and so 

Oybrcast. 



Fio. 16 




SECTION. ^B 



Fig* 17 




Fio. 18 




Scale--20 feet to an inch. 
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dispensing with doors, may either be covered with wood or 
arched with brick ; the latter is by far the best. Overcasts 
are seldom used in Scotland, where splitting the air currents 
have not been much practised They are indispensable when 
the air current is often split. 

Figs. 16, 17, 18 represent an overcast, adapted for the mode 
of working shewn in fig. 22. The return air is carried over 
the heading and to the furnace by an air-course, cut out of the 
roof, and planked over. The planks are pointed with lime 
and sand laid on the top, to make them air-tight. Instead of 
wood planking, a brick arch is often used, which, although 
more expensive, makes the most complete job. 

It sometimes happens in English collieries that the return 
air is so foul that it would be unsafe to pass it over the fur- 
nace ; in such cases, a drift is driven into the pit, through 
which the smoke is passed into the pit before communicating 
with it, and the furnace is fed with fresh air from the surface. 
This method is not noticed here, as it is never needed in Scotch 
mines. When it happens that the furnace is allowed to go out 
at the week's-end, and fire-damp accumulates, a waterfall 
continued for a short time wiU dispel it, and the furnace may 
be re-kindled with impunity. 

Although the amount of air which may be economically 
passed through an upcast shaft of twenty feet area is stated 
at 10,000 cubic feet per minute, there are many instances, 
where, under no conceivable circumstances, such a quantity 
of air is necessary, such as where the working is of small 
extent, and few men employed, as is frequently the case, and 
where two thousand feet is ample ventilation ; the under- 
ground arrangements must, therefore, be adapted to the 
quantity of air which the workings may require ; and, illus- 
trative of underground arrangements, examples will be given 
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of common underground arrangements in Scotland, pointing 
out any defects, with suggestions for improvements ; and, with 
the same view, selection will be made from districts in 
England, where, undoubtedly, the art of ventilation is carried 
to greater perfection. 
Fig. 19 is a very simple arrangement for a working by 

FlO. 19.— LOMQWALL WOBKINO. 




Scale— 44 yards to an Inch. 



longwalL We shall suppose the pit twenty fathoms deep, 
ten feet long, by five feet wide, and divided by an air-tight 
midwall into two equal divisions, through which the minerals 
are drawn ; one of these, D, is the downcast, and the other, 
U, is the upcast. It is sunk on level course. The working 
is two feet thick, and is worked longwalL The level roads 
pass the rise-side of the pit, and the midwaU division is 
cfuried right across ; but a door is hung so that the hutches 
may pass through, and be drawn up either the one division 
or the other ; and there is a furnace four feet square upon 
the upcast-side ; doors or screens of canvas cloth are put across 
the roads, which are branched off the level ; and this is the 
whole arrangement. The air current travels, as shown by 
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the arrows, along the west level ; it is prevented from going up 
the rise-roads, by the screens at the foot of each road. From 
the face of the west level, it passes round the face of the solid 
coal, and the other faces, as shown by the arrows, in one 
current, until it reaches the east level, along which it returns ; 
then past and over the furnace to the upcast shaft. The 
quantity of air, which can be circulated by this arrangement, 
at the rate of 200 feet a minute, and supposing a clear 
space of six feet back from the solid coal, would be 

6 X 2 = 12 feet area, by 200 = 2400 feet per minute. 
The disadvantages of this arrangement are, the single door 
at the pit-bottom, and the use of so many screens or doors ; 
for, in addition to the unavoidable leakage at the doors or 
screens, the frequent openings of the pit-bottom door (unless 
the output from each side of the pit be nearly equal) allows 
a great proportion of air to escape to the upcast, without going 
into the workings at alL The wear and tear on so many doors 
and screens also make this a very objectionable arrangement. 
Canvas screens are much used in longwall working, before the 
subsidence is complete. When doors are put in at this stage, the 
roof sets upon them, and it is difficult to keep them in good 
working order ; for this reason, screens are much used, although 
they are a dirty, slovenly substitute for a door — and in all well- 
arranged collieries are avoided, as far as possible, and doors 
erected instead ; for, after all, it is a very bad door indeed 
which is not tighter than a screen. 

It will be observed that the drawing shows no door-stoop 
or pillar of solid coal lefb to support the pit ; the longwall 
conmiences from the very pit-bottom, and the strata subside 
on to the btaildings. This is very frequently done ; but if the 
pit is to be wrought for any considerable time, or if there are 
more seams than one to be wrought, it is better to leave 
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a large pillar of solid coal around the pit-bottom, which 
saves it from the effects of the longwall subsidence. A com- 
mon rule for the size of this pillar is to leave a yard for every 
fathom of thedepthof thepit. Thus, a pit twenty fathoms should 
have twenty yards of solid material on all sides; thirty 
fathoms, thirty yards, and so on. Where, however, there is 
only one seam, and the working not more than two feet to 
three feet high, the longwall may commence from the very 
shaft, with perfect safety, and the expense of cutting round 
the door-stoop is thereby saved, and bratticing, for conveying 
the air round it, is dispensed with. 

Fig. 20 is a similar pit and working, with a door at the 

Fig. 20.— Longwall Wobkikg. 

H 

IT 




Scale— 44 yards to an inch. 



pit-bottom dividing the two sides, as before, but with double 
headings and double levels. H H' are the headings. H is 
the " fast " or farthest forward heading, and is paid extra for 
opening up work for those coming behind. H ^ is the open 
heading, or " slack" heading, which merely follows the other, 
and is stowed carefully to make an air-tight division between 
the two roads. The high levels are branched one off each of 
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these headings ; that to the west off the fast heading, that to 
the east off the open heading ; one door, or sometimes two 
doors, according to circumstances, are placed on each heading, 
between the high and low levels ; and the air circulates as 
foUows : — ^The current passes into the west level face, and 
thence round the workings, to the eastern extremity, return- 
ing, as before, to the furnace and upcast shaft. There is 
seldom any necessity for putting on any doors or screens on 
the roads branched off the high levels. If the passage along 
the face of the coal be kept clear, and of sufficient size, the 
air has a natural tendency to take along the face where the 
men are working, both because of its being the shorter route, 
and because of the heat of the men and lamps. Any leakage, 
that takes place at doors, keeps the roads ventilated. More- 
over, if the wall face be contracted, at any point, between 
two roads, a part of the current splits off, and goes up the next 
road ; and the whole current meets again where there is 
more room. As regards the quantity of air in circulation, this 
arrangement, as in No. 1, depends entirely upon the space left 
between the open and close heading, and is not, on that 
account, any great improvement. The current may also be 
obstructed at the face, between the high and low levels, or 
between the headings, and the obstruction at either place 
may be remedied by keeping an additional passage between 
them, within twenty yards fix)m the face on which doors or 
regulators can be placed ; and, i^ from unavoidable causes, 
the space at the face is unable to pass a sufficient quantity 
of air, a portion may be sent through either of these pas- 



There is the same faulty arrangement in No. 20 at the pit- 
bottom, whereby the whole circulation can be cut off, by 
neglecting one door at the pit-bpttom. When there are double 



40 



VENTILATION OF MINES, 



doors on the headings, although they are opened as often 
a3 all the doors put together, in No. 19, still the one door is 
shut before the other is opened, and little air is lost ; besides, 
the attention of the overman is directed to fewer doors, and, 
of course, being more substantial, they are more easily kept in 
repair. 
Fig. 21 is also a longwall working, with double headings and 



Fig. 21.— Longwall Working, 




Scale— 44 yards to an inch. 

doors, similar to No» 20, but with a different arrangement of 
doors at the pit-bottom, for the purpose of obviating the 
objection to single doors there. The pit is sunk on the 
dip and rise of the strata, and is divided by a midwall, 
as before. A brick wall is extended for ten yards from 
the midwall, into each level, which admits of double doors 
being placed on opposite sides ; and a clear entrance is 
afforded, from the downcast, into the west level, and from the 
east level, to the upcast division. If the traffic from each 
level be equal, there will be no occasion for opening doors ; 
but, whichever side preponderates, the excess can be drawn 
through the double doors, without loss of air to the other 
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side. The doors should be placed sufficiently far apart from 
each other, so as to allow the one door to be shut, while the 
other is open. A small man-door, about two feet square, is 
generally placed in the brattice, for the bottomer to pass 
through, in crossing from one side to the other; and sometimes 
a pane of glass is inserted, for him to see through, for the pur- 
pose of avoiding unnecessary openings of doors. Excepting 
what is saved by the double doors at the pit-bottom, there is 
no more air obtained by this arrangement, than by methods 
described, 19, 20. 

When one pit is divided into upcast and downcast divi- 
sions, and from both of which minerals are taken, as in the 
examples. Figs. 19, 20, and 21, and from the same level, it is 
very difficult to dispense with shaft doors; and even with 
two separate pits sunk near to each other, and drawing coals 
from the same level, and by the same engine, doors are also 
needed ; but if one pit be at the rise of the field, or if the two 
pits are a considerable distance apart, or if one of the pits, or 
a compartment, be set aside for ventilation alone, the under- 
ground arrangements are very much simplified — ^fewer doors 
are required, and those at the pit bottom may be wholly dis- 
pensed with. 

Fig, 22 is an example of this arrangement where a compart- 

Fig. 22. 
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ment of a pit is set aside solely for an upcast. The pit is 
sunk on the dip and rise, and the air-course space, four feet 
long and five feet wide, is partitioned off by a mid-walL The 
other portion of the pit is used for taking up the coals, and is 
the downcast ventilating side. The current is disposed as 
follows : — ^The current splits into two divisions on reaching 
the bottom of the downcast shaft, one goes to the face of the 
west level, and proceeding along the wall face, reaches the 
central heading, down which it returns, passing over the 
furnace which is placed in this heading, and so into the 
upcast division or air-course. The other split going eastward 
to the face of the east level, returns along the faces and joins 
the west current, and passes with it over the furnace, and up 
the air-course. 

The advantages of this arrangement are that there is a 
greater quantity of air obtained, because there is a greater 
area, and the air has only half the distance to travel, and it 
will be fresher. There is, however, still the same number of 
doors in the workings, but these, by the employment of over- 
casts and additional splittings, are capable of being reduced 
in number, and indeed may sometimes be dispensed with 
altogether. 

Fig. 23 is an example of this arrangement. The pit is of 
the same description, and the furnace similarly placed to No. 22, 
but the arrangement of the workings is different. The roads 
branch off at right angles to the heading, the first and there- 
after every third road off each heading communicates with the 
central heading by means of overcasts over the headings, at 
one side of which is a door to admit of the materials being 
drawn out, but to stop the air from the heading, returning 
through the overcast to the central heading. The currents 
travel as follows : — ^The main current descending the downcast 
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shaft splits at the pit bottom into two divisions, one to the 
east, the other to the west. Following the west current, on 

Fig. 23.— LoNGWALL Working* 

BPLETTINGAIB. 



Scale — 44 yards to an incb. 



reaching the foot of the heading it is again split, a portion 
going into the west level face, and returning along the high 
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level, passes over the drawing heading by means of an over- 
cast into the central heading, which is the main retxim air- 
conrse. A door is placed at the end of the overcast, and the 
loaded hutches pass through it The remainder of the main 
current which we left at the heading, goes up the heading, 
and portions are split off into the third and fourth road, that 
entering the third road returning by the high level, and that 
portion entering the fourth road by the road above, which is 
similar to the high level ; other splits are branched off as the 
current advances up the heading, and so on until the whole 
current is divided, the quantity to each being regulated by 
slides in the overcasts. The other current of air entering into 
the east side is similarly divided, as shown by the arrows. 

The advantages of this arrangement are the greater area of 
the air-courses, and consequently greater quantity of air in 
circulation, with greater freedom from doors. In all the 
arrangements we have hitherto been considering, the coals or 
other materials, except what came out of the levels, had all 
to pass through one door or double doors, whereas, by this 
arrangement, there are nineteen roads, and only eight of them 
require doors. 

The examples given refer only to workings of limited 
extent, but as those advance, or in workings of greater magni- 
tude, opportunities occur for dispensing with doors under 
any of the arrangements ; for example. Fig. 20 will, in a more 
advanced stage, assume this shape. Fig. 24, and the slope 
roads A A will have cut off as many of the roads as are up. 
They have here cut off three roads on eeich side, and conse- 
quently the air-courses past the end of this road without 
doors, except at the heading, and it gives, as far as it goes, 
all the advantages of a high level, which, in fact, it really 
becomes. 
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Extended workings do not diminish the number of doors, 
but aJSbrd additional opportunities for splitting the air, as the 



FlO. 24.— LONOWATX WOBKINCk 

With Sids-Roads. 




Scale— 44 yards to an inch. 

high level can be made a return for the low level, and for the 
heading, as in Fig. 25. 

Fig. 25.— LONGWALL WOBKINOk 




Scale— 44 yards to an inch. 
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All the examples which have been given are arrangements 
for ventilating longwall workings, but they can all be applied, 
when slightly modified, to stoop and room working. 

Fig. 26 is Fig. 19 arrangement applied to stoop and room 
working. The rooms are broken off the levels, and stoppings 
built across all except the room nearest the face which is left 
open. A row of stoppings is also carried up the heading. The 
air current is thus sent into the west level from which it 
travels across the faces to the heading, thence to the east 
level, and so returning to the furnace, and up the shaft, pre- 
cisely as in the longwall working. As long as the workings 
keep in airiangular form, there is seldom need to put in any 
stoppings to keep the air closer to the face. For convenience 
of drawing the coals, there are sometimes roads laid through 
these throughers at different points, and of course doors are 
placed upon these openings. By careful arrangement, these 

Fig. 26.— Stoop and Room Woi^kino. 



roads may be much simplified, and it is at all times desirable 
to have as few doors as possible. 

Fig. 27 is an arrangement for stoop and room working when 
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the air is split on each side of the shaft, and returns down a 
central heading, as in Fig. 23 of longwall working. To do 
this, stoppings must be built on each side of the central 
heading, as well as on the side of the level as before. By this 
arrangement, the quantity of air is increased, because there 
are two currents, and consequently a greater area; and there 
is greater freedom about the pit bottom. 

In general, there is less chance of confined air-courses in 
stoop and room workings than in longwall, unless in narrow 
mines, crossing hitches and falls, choking up the roads or 
air-courses ; but of course greater attention is demanded for 
stoppings. 

Although examples are only given of two splits of air in 
stoop and room workings, the system of splittiug air can be 



Fig. 27.— Stoop and Room Wobkino. 
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quite as efTectually pursued in stoop and room as by longwall, 
as will be seen in the example of English stoop and room 
working given farther on. 

When two seams of coal are within four or five fathoms of 
each other, as, for example, in the Glasgow district — The Ell 
and Main, the Pyotshaw and Main, the Humph and Splint, 
the Splint and Sourmilk seams of coals, the ventilation is 
much simplified and improved by means of blind pits con- 
necting them at intervals. The one seam can be the intake, 
and the other the return for the air, the strata between the 
two seams forming a most effective stopping, and the air can 
be readily split. If both seams are being wrought at the same 
time, they should be worked exactly on the same plan, and this, 
by attention, can be very easily done, and as a matter of 
economy, is well worth consideration. 

When there are a number of seams opening into one shafb, 
a split should be taken into each seam, so that each may be 
supplied with fresh air ; the return may either be made up 
or down to the nearest seam, or brought back in the same 
seam again. 

Eig. 28 shows an actual application of this arrangement. 
The famace is placed in the Humph Goal, and a blind pit is 
sunk between it and the Splint Coal, which the furnace is 
placed over. 

The examples given above are all from Scotch practice, and 
have been either arranged by the writer, or have fallen under 
his observation in the course of his professional practice. A 
few examples will now be given of English practice, with a 
view to ascertain their merits for Scotch mining. 

The thick coal of Staffordshire is ventilated on a system 
peculiar to that district. The seam of coal is about 30 feet 
thick, and is all worked in one working ; but in the horse- 
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roads, only the first six feet is worked, and an air-course is 
driven overhead, next to the roof of the coaL Of course, the 
natural tendency of the air is to ascend, and it returns through 
this drift to the upcast shaft, which is either a separate shaft, 
or a compartment of the drawing shaft devoted to that pur- 
posa A modification of it might be adopted in some of the 
high seams in Scotland, such as, for example, the Djrsart thick 
coal, the Pyotshaw and Main coal, the Wishaw coal. The 
waste of the Dysart coal is understood to be liable to spon- 
taneous combustion, and it is particularly applicable to it 

Mr Benjamin Gibbons thus describes his method : — " We 
shall suppose that a colliery is about to be opened, where the 
depth of the coal is one hundred and forty yards. Instead of 
sinking two pits, I sink only one. In the side of this shaft, I 
cut an oblong channel, large enough to allow a space of two 
feet square, or an area of six superficial feet, when the channel 
is lined with brick. When the shaft is bricked, this channel 
is also bricked, and the circular brickwork of the shaft closing 
its front, it forms a separate compartment or air chimney from 
the top to the bottom of the shaft, and sufl&cient to carry off 
any current of air required in the mines. 

"Let us now imagine that the pit delineated in Fig. 27 is sunk 
through the thirty feet of coal ; a gate-road, or horse-road, is 
then commenced from the shaft, and an air-head from the air- 
chimney. The gate-road is driven at the bottom of the coal, 
and the air-head, or air-course, at twenty-eight feet, where the 
coal is thirty feet thick above the floor of the mine. But if 
the coal is less than thirty feet thick, still the air-head should 
be, if practicable, in all cases, within two feet of the top of the 
coal. The horse-road and air-course are carried forwards, as 
before described, to the extent to which you may design to 
get the coaly and then the gate-road is turned at a right angle 
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to begin a side of work. When it has proceeded ten or fifteen 
yards to pass through ^ rib, which is to be left for the support 
of the gate-road, or air-head, the gate-road is then stopped. 
The preparatory measure of opening right and left from the 
end of the gate-road (or, £ts it is there called, bolt-hole,) for 
making a side of work, begins. This side of work forms a 
square cavity, which we will take at 90 yards by 50, and the 
whole coal, as far as practicable, is taken away, save and 
except the pillars of coal, generally ten yards square, and ten 
yards distant, which are left to support the superincumbent 
strata. 
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"A barrier of fifteen yards must be left on all sides between 
this and other 'sides* of work, and the doorway, or 'bolt-hole,' 
entering into this space, must be securely walled up to exclude 
the air, and prevent spontaneous combustion, which would 
otherwise, in a short time, take place. The^ drawings show a 
side of fifty yards by fifty yards, as it diminishes the size of 
the plan, and explains the principles equally well But these 
sides are worked seventy yards by fifty yards, or ninety yards 
by fifty yards, which contains an area of about an acre, or one 
hundred and ten yards by fifty yards, where the coal is good, 
and other circumstances favourable. 

" In driving the gate-road and air-head, it is necessary to 
make spouts or openings upwards at every fifteen yards. 
These spouts can only be driven perpendicularly upwards 
from the gate-road to the air-head. Each of these being six- 
teen or seventeen feet in length, a formidable difl&culty arose 
in the King Swinford pits. I foimd that when the spout was 
carried up a very few feet, that it became so filled with gas 
that ho man could work in it. It then occurred to me to com- 
mence the spout, and then bore upwards, previously, a hole 
four inches diameter into the air-head. This is only a few 
hours* work, and the moment the borer pierced into the air- 
head, the gas fled off instantly, followed by a stream of air 
sulfficient to air the gate-road, and to enable the men to work 
with candles in the spout with perfect safety." 

If a working gives out so much gas, that it is found necessary 
to send a current of air by brattice into each place, the ventila- 
tion will be more readily managed by keeping the rooms for- 
ward in line, in place of allowing the one to fall behind the 
other, in the diagonal shape into which they usually form 
themselves, 10 or 12, or more, in a set, as shown in the 
diagram. Fig. 31. The air-current commencing at the east 
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end, passes regularly up behind each brattice, and returns 
down the other side. A swing-door is put on at the 
bottom of each drift, to allow tubs to pass through, and 
there are stoppings, to keep the current on to the main road. 
Any leakage of air at a swing-door is of little consequence, 
for the current is all collected again at the last place, to be 
sent to the next range of rooms. In some collieries, a con- 
traction of the roadway, at the end of the brattice, is sufficient 
to send a current up into the face. The brattice is generally 
put up in lengths of eight or ten feet, called "spaces,*' and the 
height of the seam, for speedy erection and removal, as each 
range of throughers is holed, and the road shifted up. The 
swing-doors are made light, but strong enough to bear to be 
driven up, by the loaded tub knocking against them, for there 
are no trappers put to swing-doors. A sufficient fall is given 
to make them keep shut. In carrying brattice up in 
this form, sufficient space must be left for the air to travel at 
the ordinary rate. It is easy to manage this in wide rooms, 
but in narrow mines it is more difficult ; and if a strong 
enough current can be sent up, the simplest way is to allow 
air to scale through the brattice. In practice, any one can 
know when the air-course is contracted, by the whistling 
noise the air makes at the trap doors. 

The mode of working and ventilating pillar-working in the 
North of England is shown by Fig. 31, as at Thornley colliery. 

The mode of stoop and room, or pillar-working here de- 
scribed, is that universally followed in the North of England. 
From 4-5ths to ll-12ths of the coal is left in pillars, which 
are worked away as the rooms advance, so that the rooms 
are merely preparatory, and the pillars contain the main body 
of coal to be worked. 

There are three headings driven together direct to the rise. 
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At certain intervals, levels are branched off these to the east. 
and west, and the working rooms are driven up-hill. The 
stoops on the side of the headings are left twice the ordinary- 
size, and whenever the ordinary rooms are up two stoop- 
lengths, the pillar-working, or stooping, commences, and 
follows up as fast as the men in the rooms work off the solid 
coal, leaving the waste, or goaf, to fall behind them. The 
large stoops on each side of the headings are not touched, and 
these keep the main headings uninjured. The rooms must 
be all kept in a line, so that the ends are cut across at 
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the one time, and the roads and stoppings are kept close 
to the face. The air goes in through the central heading, 
which is the horse road, and at the top splits right and left, 
and after passing along the faces, returns through the goaf, or 
waste, into the side headings, and so to the upcast. The 
white spaces in the diagram are " goafs." All the pillars have 
been worked away, and the air passes through the fallen 
debris, as shown by the arrows. "When the goaf is 
said to be ventilated, it is not meant that clear passages are 
kept up through it, along which the air is impelled in certain 
directions ; that is to say, parts of the mine which have been 
opened up and worked in the whole, but not in the pillars, 
which are left standing for some future time, and in this sense 
form some part of the waste. The goaf, or space from which 
the pillars are removed, can only be ventilated by pressing 
air upon it on one side, and receiving that air in drifts leading 
from it on the other side. This can only be in any degree 
effectual while the goaf is open, or so loosely compacted as to 
allow the air an easy passage. It is in the early stages of 
falling roof that this happens ; with the progress of time, the 
growing area of roof opposes more and more resistaace to the 
currents, and approaches more and more to the condition of 
unventilated goaf' [Philips.] In former times, the pillars 
were left untouched until the rooms had reached the limit of 
the field intended to be worked, they were then worked away. 
While standing, they were ventilated by coursing the air up 
and down the old rooms ; if this was neglected, a magazine 
was formed for the accumulation of gas ; but according to 
the method above delineated, the pillars are worked away a 
short distance behind the rooms, so that there is less open 
space for the accumulation of gas, while the coals are got in a 
more marketable state. 
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Speaking of the modes of workiiig and ventilation in York- 
riiire, Mr Philips says : " Perhaps the oldest system of under* 
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ground working in Yorkshire is tliat which was extensively 
practised, But has been abandoned in the collieries of Earl 
Fitzwilliam, near Wentworth, as the system to which the name 
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of narrow workmaybe appliei In this method, Fig. 32, parallel 
board-gates or mines, run across the cleat, or facings, at 
intervals of about 90 yards,* and between these a series of 8 or 
10 boards, or rooms, about eight yards wide, except 
at the entrance, which was narrowed ; between these boards, 
ribs of solid coal were left, one yard in width, except at 
the entrance of the boards, where an angular mass was allowed 
to remain. The sides of the board-gates or headings were 
supported by solid ribs of coaL The course of the air-current 
is up the east heading, and along the faces, returning down, 
in one single current, on to the level road and to the upcast 
shaft. 

"A variation of this process occurs at Middleton colliery, 
near Leeds. In this case, parallel (double) board-gates, 
are driven off the level at regular distances, 110 yards across the 
facing of the coal, and between these banks are worked, 10 yards 
in length, by parallel boards, which are separated by posts, 
or ribs of coal one yard wide, both being crossed at 
intervals of 12 yards by endings, (end-ways, drifts, or 
gates,) which serve successively to bring out the coal from the 
banks. The air circulates along the face of the working, and 
in particular instances drains off through the gob into the 
return — ^the roof, on account of its firmness, falling in large 
angular masses, which leave many vacidties. 

'< The method in common use about Bamsley (Fig. 33) is 
essentially a sort of contracted longwork, the board gates 
being kept between walls, pillars, or posts of solid coal, while 
between them the banks, 20 to 30 or more yards in length, are 
excavated to the rise, so as to leave long spaces of gob con- 
tinually extending towards the outcrop. The pillars are there- 
fore removed in the contrary direction, (ia, brought home^ 
ward,) and the whole ground fells." 
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The air-current travels from the downcast along the low 
level to the inmost drawing-road, through which it passes to 




the wide room, and entering the next drawing-road, passes 
across the faces in one current to the last narrow mine or 
drawing-road, by which it reaches the upcast shaft, as shown 
by the arrows. 

'' In Ardsley Main, this system is ^o managed, that very 
wide pillars of coal are left to guard the board-gates. These 
occupy 40 yards, while the banks or walls are 80 yards long. The 
banks are worked in two portions, continuous lines of pack- 
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ing in the middle of the space, as well as along the sides, 
being resorted to for moderating the heavy roof-falls ; or, in- 
stead of that method, a rib of coal is left in the middle, thirled 
at intervals for air and the convenience of working. 

" In the four methods now mentioned, the air-passages are 
single, or in pairs, separated by considerable ftiicknesses of 
coaL The workings next to be mentioned differ in this res- 
pect. At Thorpe Hall, near Leeds, the air-passages arie driven 
so near together, that only a thin wall of coal, half-a-yard in 
thickness, separates them. This wall is thirled for air, at 
short intervals, in the progress of driving— the lliirlings being 
afterwards stopped. Thus two closdy approximate channels 
are formed — ^the intake air going up one, and "fhe return air 
coming back the other. The channels being small, the cur- 
rent is not large; but its velocity is about five feet in a 
second, and it passes pure to the working face, which, in this 
colliery is brought backward. The air does not traverse the 
gob, but works only between it and ^e ba«ks, being every- 
where else in the solid coal The drifts in scSiA coal, or rock, 
are called strait work in Yorkshire. In this fcolliery an ex- 
plosion occurred, owing to the blocking up of strait work, 
through the negligence of two men, who lost their Uves in 
consequence. To some accidents of this nature, this very 
narrow style of work must be occasionally liable. 

" The plan of works at Emroyd (Flocton) colliery is much 
like what has been just noticed — double drifts being driven in 
solid coal, to win and bring back banks ; so that the gob is 
left behind, and never again traversed by roads or air- 
courses. But the approximate drifts are not employed as at 
Thorpe Hall — ^they both carry air in one direction, and com- 
municate frequently through the little rib of coal, which ia 
from one to three yards in breadth. In SUkstone colliery; 
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about four yards of coal separate the drifts, and the air ia 
taken along one of them only. 




"The uncommon variety of working processes in Yorkshire 
is not altogether explained by the variety of physical condi- 
tions under which the coal is worked. The depths varj^* 
indeed, from almost the surface to 300 yards ; beds are worked 
as thin as 18 inches, and as thick as 10 feet, with roofs of 
sandstone, or shale, and with imder clay (spafen), of fireclay, 
or ganister ; but it is not so much these circumstances, as the 
locality, and the point of progress and improvement in which 
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a coUiery is placed, which determine the mode of working. 
True, longwork seems to have come fix>m Derbyshire, and 
other Midland districts, where it perhaps originated in natural 
conditions ; but another form of working, in narrower banks, 
seems to be of higher antiquity in Yorkshire, and to have 
been derived from another soui'ce. It is accompanied, about 
Bradford, by a set of technical terms not found in Derbyshire, 
and neither the one set nor the other would be intelligible on 
the Tyne." 

Fig. 36. In the diagram, the working is to the rise, and the 
banks are represented as broken into several portions, which 
have one fast and one free end. The faces of work thus 
opened, are sometimes 100 or 200 yards long, and nearly 
straight. The gates, or roads (board-gates) which lead to the 
banks, are represented as passing through the old workings 
(technically gob, or gobbing, or waste ; and they are said, on 
this account, to be gobbing gates). Roads thus situated are 
subject to heaving (hoving) of the floor, sinking of the root 
and lateral, or side pressure on the packings which on each 
side support them. Yet they are, by many coal workers, not 
only endured, but actually preferred to ix)ads in the solid, be- 
cause of the equality of the pressure to which they are subject, 
and they appear often justly preferable to roads, which have 
solid coal on one side, and packing on the other ; for, in this 
case, a crushing pressure comes on the solid coal, and rates it 
away. 

"When a series of these gobbing gates, or drawing roads, 
grows too long, either a new mother-gate is used, as the origin 
of a new series of board-gates, so as to shorten the draught of 
the coal as the face is worked away, the puncheons are re- 
moved forward, the old packings bear th« weight, and new 
ones precede them. ^ >i 
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In the same diagram, a mother-gate is extended to the right, 
with dip board-gates driven parallel to the rise-board, but in 

Fig. 85.— Derbyshire Longwall Working. 




64 Ventilation op mines. 

the opposite direction, gives us a set of workings in which flie 
banks are brought homeward, or inward, and the gob left* 
beyond the worksy not again to be traversed. 

These iUtarfcmi iomi of fingUsh practice will be cooduded by 
a moSd^ (tf iriditilati^g a Yorkflkfa^ trarld]^ |arafNMed by Mr 
Willkm Ho$>ton, of Citflton, Wftkefietd, «» imblUhed by him 
aftei* the explosion of Lundhill, nesr Banfidqr, in Fclmiary, 
1857, whereby 189 lives were lost. The mode of worldBg is 
pectdiar to Yorkshire, and is a sort of hybrid longwalL A 
pair of narrow mines and a very wide room are broken 
altertiately off the levels. The holings connecting the Iride 
room with the narrow mines are also narrow, so that alflwugh 
a weight comes upon the wide place, it does not extend 
further, and the collapse is not so complete as in longwall. 
The Consequence is, that gas accumulates in the vacuities 
of the wide rooms, and it was supposed that a fall of 
stones from the roof had driven out the gas upon the 
workmen's lamps and caused the explosion. The ventilation 
was as follows : — ^There were two pits within a few yards of 
each other — one the downcast, and the other the upcast The 
air-current was split at the bottom of the upcast-— one portion 
going eastward to the face of the levels, passing up one side 
of the pair of narrow mines, and returning down the other ; 
then up one side of the wide drift, and down the other ; and 
so on, up and down, until it reaches the main return, where 
it is met by the west current, which followed an exactly simi- 
lar course in the west side ; and both currents imiting, re- 
turned down the drift, past the furnace, and into the upcast. 

The currents had thus a long distance to travel ; and the air, 
before reaching the last place, was very impure, and loaded 
with fire-damp, as wejl as noxious gases. After the explo- 
sion took place, Mr Hopkins proposed to improve the ventila- 
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tion by repeatedlyspKtting the air, adjusting the quantity to 
each split in tfie usual way — ^by regulators, and making 
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overcasts across the intake air into the return. He managed 
this without any alteration on the mode of working The 
drawing (Fig. S7) shows the course of the currents, and the 
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Hefebbkce. 

1. Powncait Shaft, 

2. Upcast Shaft 

a. Pumping Engine Shaft 

Arrow. Direction of Air-cimrent 

Croued Arrows. Impure air crossing the fresh. 

4. The Sets. 

6. The Goaf where the coal is got. 

6. Furnace. 

7. Dumb Drift. 
XX. Doors. 

* 1. Stoppings in the Air-gates. 
9. Boar^ where strait work is got. 
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proposed splits and regulators. The current from the down- 
cast splits into two equal portions, and travels along each 
low level The centre levels are the return air-courses. 
Splits from the main air-course are taken off at each pair of 
narrow mines, which, crossing the return by an overcast, go 
up one of the mines to the face, when it again splits, one por- 
tion returning down the other mine, and the remainder down 
the wide room to the main return^ where it is controlled by a 
regulator. He also uses a furnace^ supplied with a dumb-drift, 
and fed with fresh air from the surfSace. Mr Hopton s pamph- 
let does not state whether his suggestions were put in practice 
or not. At first glance, the splits seem in excess ; but there can 
be no doubt as to the theory of the plan, and the propriety of 
splitting the air-current 

Mr Philips remarks, "Tliere is a general conformity 
through Yorkshire, Derbyshire, and Nottinghamshire, in the 
desire, and in the practice of carrying all the air in one stream 
bj the banks or working faces. In small collieries this is 
almost invariably done, and in larger establishments the air 
from one downcast shaft is seldom split above once. In some 
cases the currents from two downcasts are united into one 
intake channel, and not afterwards divided.'' 

It is in the counties of Northumberland and Durham, 
where the art of ventilation is carried to the greatest perfec- 
tion, that splitting of the air-currents is most practised ; and 
the following Table of results will show the difference, as inl 849. 
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COLUBKT. 


QuAsmiT OF Air m Cucuiatigv. 


Dnriiaiii, • . • 
Northumberiand, 
Yorkshire, . . 
Derbyvhire, . . 


Helton Comery, . 
WaUMndColUery, 

SpeedweU Colliery, 


190,000 cubic feet per minute. 
121,860 •« «« 

i0.000 *• " 
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These are the highest in the list of Professor Philipsr notee^ 
and doubtless the increased quantity is very much owing to 
t^e increased adoption of splitting air-currents. 

r 

The illustration of the modes of working and ventilating 
in English mines might be increased, but enough has been 
given to show that they differ very little from those practised 
in Scotland, except in magnitude, where greater quantities of 
air are required. 

In one point, however, it is well to notice their superiority? 
The leading places are all driven- in pairs, so that the air is 
carried a-head of the general body of the workings, and nar- 
row, so that a good road and few stoppings is ensured. Even 
in longwall workings, the levels are driven narrow, and by 
stoop and room, and a stoop is left between the longwaU. and 
the road, so that the crush or collapse of the longwall does 
not injure the road. This is more expensive, but it appears 
to them to be of service, for it is continued throughout. 

From all that has been stated, it appears that, with our 
present knowledge of ventilation, we are enabled, by using the 
known simple methods, to pass almost any quantity of air 
through mines ; and that a short summary of the principal 
requirements for ventilation are as follows : — 

Downcast Shaft may be any size lafger than the upcast, 
on the principle that the upcast is where the power of propul- 
sion or extraction is at work, and that all the openings or 
channels leading to it must be larger, so. that it be freely 
supplied with air. 

AiR-CouESES. — No air-course should be less than 16 feet 
area at any part ; and if full advantage of the power of the 
upcast is to be taken, the united area of air-course may be 
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foui: times the area of the upcast, so that the speed of the 
air-current may not be more than about 200 feet in a minute. 

Upcast Shaft should be about 20 feet area. When the 
shaft is properly proportioned, the speed of the current shoidd 
be 500 feet per minute at least. 

DoOBS. — ^Double doors should be adopted where there is 
much traffic, but if the air-courses be large, a single door may, 
in ordinary cases, be sufficient; and for a shaft-door it is 
more convenient for the traffic. 

Stoppings should be made air-tight ; but here again size of 
air-way renders even the tightness of the stoppings of less 
importance, for there is less pressure. Important stoppings 
should all be made with brick and lime. 

FuBNAGES should never have less than 16 square feet of 
fire grate. If all this area is not required, less firing will 
suffice, but for emergencies this is the least area to be recom- 
mended. It should be placed well back from the edge of the 
pit to prevent fire igniting any of the wood-work of the pit. 

In conclusion, I am satisfied, if due attention be paid to 
the suggestions above noted, and especially to sufficient area 
of air-courses, that mines in Scotland would be adequately 
ventilated, and explosions be rendered abnost impossible. 
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